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Two assays were conducted to assess the inﬂuence of infective juveniles (IJs) of Heterorhabditis baujardi
LPP7 on the embryogenesis and hatching of Meloidogyne mayaguensis. In the ﬁrst assay, eggs were incu-
bated in water alone or in the presence of infective juveniles, and completion of embryogenesis was eval-
uated 14 days later. In the second assay, unhatched second-stage juveniles were incubated in distilled
water alone or in the presence of infective juveniles. Cumulative hatching was compared at various time
intervals. Embryogenesis was not affected, whereas second-stage juveniles hatching was delayed proba-
bly because of the eggs permeability to noxious metabolites released by Photorhabdus luminescens, which
is the bacterial symbiont of H. baujardi.
 2011 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
In recent years some studies have investigated the use of
entomopathogenic nematodes (EPNs) and their symbiotic bacteria
as a strategy to control plant-parasitic nematodes (PPN) (Lewis
et al., 2001; Jagdale et al., 2002; Somasekhar et al., 2002; Lewis
and Grewal, 2005). There are reports of a reduction in the number
of egg masses of Meloidogyne partityla Kleynhans, in pecan seed-
lings co-inoculated with Steinernema riobrave Cabanillas, Poinar
and Raulston, and in the number of galls induced by Meloidogyne
mayaguensis Hammah and Hirschmann, in tomato plants co-inocu-
lated with Heterorhabditis baujardi Phan, Subbotin, Nguyen and
Moens, LPP7 (Shapiro-Ilan et al., 2006; Molina et al. 2007). How-
ever, there are no studies indicating at which development stage
(s) of the PPN the negative effect of EPNs takes place, and the
mechanisms involved.
One possibility is that the PPNs are negatively affected by EPNs
during the early stages of their development. After the eggs ofMel-
oidogyne spp. have been laid embryogenesis starts, and it ﬁnishes
with the formation of second-stage juveniles (J2). Alternatively,
eggs can undergo dormancy, during which the metabolism is kept
low, allowing the eggs to survive longer under adverse conditions,
such as lack of moisture or oxygen, or low temperatures (Evans and
Perry, 2009). Upon hatching stimulus, enzymes secreted by the
pharyngeal glands of J2 cause hydrolysis and relaxation of the egg-
shell, with increased permeability to water and hydration of J2. The(C. Dolinski).
sevier OA license.nematode’s stylet punctures the egg shell, which results in hatch-
ing of the J2.
There is evidence that the egg/J2 stage of PPNs may be adversely
affected by EPNs or their symbiotic bacteria. Ferreira (2007)
showed that the proximity of M. mayaguensis eggs stimulates
infective juveniles (IJs) of H. baujardi LPP7 to release the symbiotic
entomopathogenic bacterium Photorhabdus luminescens, in Petri
dishes. This bacterium has a negative effect onM. incognita (Kofoid
and White) Chitwood, Caenorhabditis elegans Maupas and Acantha-
moeba polyphaga (Hu Li and Webster, 1995; Sicard et al., 2004;
Brugirard-Ricaud et al., 2005). Molina (2008) found increased mor-
tality of J2 and reduced hatching of eggs of M. mayaguensis in the
presence of Photorhabdus sp. ﬁltered extract. Ferreira (2010) stud-
ied the effect of IJs of H. baujardi LPP7 at different stages and events
of the life cycle of M. mayaguensis.M. mayaguensis is a very aggres-
sive nematode that is destroying the guava industry in Brazil
Chemical and cultural controls are providing adequate control
(Pereira et al., 2008). Biological control applying IJs of H. baujardi
LPP7 to the soil to prevent the juveniles hatching was tested in
the lab, however results were variable. This paper reports the
results dealing with embryogenesis and hatching of M. mayaguensis
J2, when IJs of H. baujardi LPP7 are in contact.2. Material and methods
2.1. Preparation and acquisition of biological materials
The IJs of H. baujardi LPP7 were reared in larvae of Galleria
mellonella L. (according to Woodring and Kaya, 1988), collected
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chamber for up to 7 days. The M. mayaguensis isolate was obtained
from guava (Psidium guajava L.) in the municipality of São João da
Barra, Brazil (lat. 213902100 S; long. 4120700 W), and it was main-
tained on tomato in pots with a mixture of autoclaved soil and riv-
er bed sand (1:1) in a greenhouse. To obtain eggs, small amounts of
roots infected by nematodes were placed in 500 mL glass vials
ﬁlled with 200 mL of tap water. The vials were shaken in a com-
mercial shaker (TECNAL, model TE240) for 4 min. The resulting
egg suspension was concentrated using a 150 lm sieve nested on
a 25 lm sieve (100 and 500 mesh, respectively) and used directly
in the bioassays.
2.2. Bioassays
2.2.1. Inﬂuence of IJs of H. baujardi LPP7 on the embryogenesis of M.
mayaguensis
Two treatmentswere compared: (i) embryogenesis of eggs indis-
tilledwater, and (ii) embryogenesis indistilledwater in thepresence
of live IJs of H. baujardi LPP7. Each treatment consisted of 25 repeti-
tions (eggs at the stage of two cells), which were distributed in ﬁve
completely randomized blocks composed of Petri dishes with two
glass slides that had a central cavity of 1 mL. In treatment 2, 10 IJs
ofH. baujardi LPP7were added to each slide, andwere replacedevery
48 h. The slidesweremaintained in BOD at 25 C for 336 h, complet-
ing the volume of water whenever necessary.
The number of eggs with dead and alive embryos was evaluated
at the end of the assay, as well as those which completed embryo-
genesis until the formation of J2. Living and dead embryos were dif-
ferentiated through the incubation of eggs in an aqueous solution
of phloxine B at 5% at room temperature for 30 min, observing
the penetration of the dye only in eggs with dead embryos
(Holbrook et al., 1983). The test was repeated once under the same
conditions. Data was obtained and arcsine transformed and analyzed
using analysis of variance (ANOVA) (SAEG, 1990). Differences in
treatment means were separated using Tukey’s honestly signiﬁ-
cant difference procedure at P < 0.05.2.2.2. Inﬂuence of H. baujardi LPP7 on hatching of M. mayaguensis J2
Two treatments were compared: (i) J2 hatching in distilled
water and (ii) J2 hatching in distilled water in the presence of live
IJs of H. baujardi LPP7. Each treatment consisted of 25 repetitions
(eggs with J2 formed inside and mobile), which were distributed
in ﬁve completely randomized blocks, composed of Petri dishes
with two glass slides that had a central cavity of 1 mL. In treatment
2, 10 IJs of H. baujardi LPP7 were added to each slide. The slides
were incubated at 25 C for 180 h. The cumulative hatching of J2
was evaluated every 12 h. The assay was repeated once under
the same conditions and the cumulative hatching of both treat-
ments over time were compared through paired Student t test.Table 1
Number of dead or aliveMeloidogyne mayaguensis (Mm) embryos af
in the presence of IJs of H. baujardi LPP7 (Hb).
Treatments Dead embryos Embryogen
First assay
Mm alonea 3 15a
Mm + Hhb 5 11a
Second assay
Mm alone 1 15a
Mm + Hh 2 13a
Results followed by the same letter in the columns are not signi
a Number of eggs incubated per treatment per assay = 25.
b Number of IJs per treatment per assay = 10.Additionally, the cumulative hatchings for each evaluation time
were compared through F-test (P < 0.05).
In an effort to estimate the release of P. luminescens by IJs of H.
baujardi LPP7 every 24 h, aliquots of water (100 mL) of each slide
were collected and plated on NA medium under sterile conditions
to assess the concentration of colony-forming units (CFU’s). The
CFUs were quantiﬁed by bioluminescence in black light (Peel
et al., 1999). After removal of the aliquot solution, water was added
to each cavity well to bring the total volume back to 1 mL. This
methodology was used to estimate the quantity of P. luminescens,
although it is well known that other bacteria are also capable of
bioluminescence.3. Results and discussion
In assays on embryogenesis, the incidence of dead eggs at the
end of 336 h of testing was low (Table 1). There was no effect of
IJs of H. baujardi LPP7 or their symbiotic bacteria on the embryo-
genesis of M. mayaguensis (F = 0.615; DF = 4, P < 0.05). This fact
may be related to the impermeability of the egg during embryo-
genesis, or to the possible metabolites released by P. luminescens,
as suggested by Grewal et al. (1999) and Hu Li and Webster
(1999). Eggs that were alive after the test but did not develop fur-
ther to the J2 stage could have undergone diapause, as reported by
de Guiran (1979), Jones et al. (1998), and Wright and Perry (2006)
or may have become dormant (Evans and Perry, 2009).
Eggs ofM. mayaguensis can serve as a stimulus for the release of
P. luminescens by IJs of H. baujardi LPP7, and it is known that eggs of
PPN with mobile J2, ready to hatch, are permeable to water-soluble
compounds (Perry et al., 1992; Ferreira, 2007). The mobile J2 of M.
mayaguensis inside the eggs were possibly sensitive to the chemi-
cal components released by IJs or by P. luminescens, judging by the
delay in hatching of J2 (Fig. 1A and B). This delay was conﬁrmed
(P < 0.01) through paired Student t test in the ﬁrst assay (T calcu-
lated = 6.32, T tabled = 2.68, DF = 24) as well as in the second assay
(T calculated = 5.45, T tabled = 2.68, DF = 24). However, the pres-
ence of bacteria in the water under experimental conditions was
not constant, as indicated by the marked reduction of CFU’s at
72 h of the assay (Fig. 1). Presumably, with the decline of P.
luminescens in the environment and the decline of the concentra-
tion of substances released, the J2 resumed hatching.
It follows, therefore, that IJs of H. baujardi LPP7, P. luminescens or
its metabolites had no effect on the embryogenesis of M. mayagu-
ensis, possibly due to low permeability of the eggs. This was not the
case in eggs with active J2, where delay in hatching was observed,
possibly related to the release of P. luminescens by H. baujardi LPP7
and to the concentration of metabolites in the medium. Based on
these results, application of IJs to the soil would be very helpful
in conjunction with a substance that would change the eggs per-
meability. More studies need to be carried out in this aspect.ter 336 h of egg incubation in distilled water at 25 C, alone or
esis concluded Embryogenesis not concluded
7a
9a
9a
10a
ﬁcantly different (P < 0.05) according to ANOVA.
Fig. 1. First (A) and second (B) assays of accumulated hatching of J2 ofM. mayaguensis (N = 25) in distilled water at 25 C for 180 h, alone or in the presence of IJs of H. baujardi
LPP7, and CFU counts (C) of P. luminescens after 192 h released in the water by IJs during the second assay. The dotted lines in (A) and (B) indicate the speciﬁc evaluation times
at which the cumulative hatchings were statistically different through F-test (P < 0.01). CFU values are the average of ﬁve repetitions (aliquots of 100 lL) removed from ﬁve
incubation slides.
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